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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high performance active material having large capacity and excellent in a 
charging/discharging cycle and a secondary battery using the same. 

SOLUTION: A compound expressed by a chemical formula: Li1-X-a AXNM-Y-bBY02, (where A is Sr or Ba, 
otherwise at least two kinds of alkaline earth metal elements selected among Mg, Ca, Sr and Ba, B comprizes at 
least one kind of transition metal elements excepting Ni. In the formula, X and Y are defined as: 0<X<0.10, 0<Y< 
0.30, while a and b are defined as:-0.10<a<0.10, -0.1 5<b<0.1 5. Here, X represents total quantity of A in mol, but, if 
A comprises two or more kinds of alkaline earth metal elements, then X represents total quantity in mol of all of 
the alkaline earth metal elements, and if B comprises two or more kinds of transition metal elements, then Y 
represents total quantity in mol of all of the transition metal elements excepting Ni). 
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CLAIMS 



[Claim(s)] 

[Claim 1] Chemical formula Lil-X-a AX nickel 1-Y-b BY 02 however, A - strontium, barium, or magnesium At 
least two sorts of alkaline-earth-metal elements chosen from calcium, strontium, and barium, it is in ******** and B 
consists of at least one sort of transition-metals elements except nickel, the inside X and Y of a formula 0< X<=0.10, 0< 
Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X A The Total Number of Mols is Expressed and it 
is A. When Consisting of Two or More Sorts of Alkaline-Earth-Metal Elements X the total number of mols of a total- 
alkali earth-metal element ~ it is » moreover, Y the case where express the total number of mols of B and B consists of 
two or more sorts of transition-metals elements - Y the total number of mols of all the transition-metals elements except 
nickel — it is — positive active material characterized by being the compound expressed 
[Claim 2] A The positive active material according to claim 1 characterized by being ** strontium or barium. 
[Claim 3] The positive active material according to claim 1 characterized by A being magnesium, calcium, strontium, 
and at least two or more sorts of alkaline-earth-metal elements chosen from barium. 
[Claim 4] The positive active material according to claim 1 characterized by being 0< X<=0.08. 
[Claim 5] The positive active material according to claim 1 characterized by being 0< X<=0.05. 
[Claim 6] The positive active material according to claim 1 characterized by being 0< Y<=0.25. 
[Claim 7] The positive active material according to claim 1 characterized by being 0< Y<=0.20. 
[Claim 8] - The positive active material according to claim 1 characterized by being 0.05<=a<=0.05. 
[Claim 9] - The positive active material according to claim 1 characterized by being 0.02<=a<=0.02. 
[Claim 10] - The positive active material according to claim 1 characterized by being 0.08<=b<=0.08. 
[Claim 1 1] - The positive active material according to claim 1 characterized by being 0.04<=b<=0.04. 
[Claim 12] The manufacture method of the positive active material according to claim 1 characterized by removing the 
alkalinity which prepared the start raw material containing a lithium and A at 1 .00 or more and 1 .25 or less rate by the 
stoichiometry to the start raw material containing nickel and B, and generated the raw material after baking in the 
oxidizing atmosphere. 

[Claim 13] The manufacture method of a positive active material according to claim 12 that removal of this alkalinity is 
characterized by being based on rinsing. 

[Claim 14] The manufacture method of the positive active material according to claim 1 characterized by preparing the 
start raw material containing a lithium and A at 0.90 or more and less than 1 .00 rate by the stoichiometry to the start raw 
material containing nickel and B, and calcinating it in an oxidizing atmosphere. 

[Claim 15] The non-aqueous-solvent system rechargeable battery characterized by using a positive active material 
according to claim 1 . 

[Claim 16] The negative electrode using the active material which has irreversible capacity, and a positive active 
material and chemical formula Li2 Cu02 Non-aqueous-solvent system rechargeable battery characterized by consisting 
of positive electrodes containing the lithium and copper multiple oxide expressed. 

[Claim 17] The non-aqueous-solvent system rechargeable battery according to claim 16 characterized by this active 
material being an active material according to claim 1 . 

[Claim 18] The non-aqueous-solvent system rechargeable battery according to claim 15 or 16 characterized by using the 
positive active material manufactured by the method according to claim 12 to 14. 

[Claim 19] The non-aqueous-solvent system rechargeable battery according to claim 15 or 16 characterized by using 
carbonaceous material for a negative-electrode active material. 

[Claim 20] The non-aqueous-solvent system rechargeable battery according to claim 15 or 16 with which this 
carbonaceous material is characterized by being a carbon fiber. 

[Claim 21] This carbon fiber is 100 micrometers of average length. Non-aqueous-solvent system rechargeable battery 
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according to claim 15 or 16 characterized by having the shape of a staple fiber of the following. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a positive active material, its manufacture 
method, and the non-aqueous-solvent system rechargeable battery that used this positive active material. 
[0002] 

[Description of the Prior Art] In recent years, the need over the rechargeable battery of small high capacity is increasing 
with the spread of portable devices, such as a video camera and a notebook sized personal computer. Although most 
rechargeable batteries used now are nickel-cadmium batteries which used the alkali electrolytic solution, a cell voltage 
is as low as about 1 .2 V, and the improvement in an energy density is difficult. Therefore, the lithium secondary battery 
with which specific gravity uses the lithium metal whose current capacity per unit weight it is the lightest top, potential 
is ** very much, and is also the maximum in metal negative-electrode material among the simple substance of 0.534 
and a solid-state was examined. 

[0003] However, in the rechargeable battery which uses a lithium metal for a negative electrode, the lithium (dendrite) 
of arborescence recrystallizes on the surface of a negative electrode at the time of electric discharge, and this grows by 
the charge-and-discharge cycle. Growth of this dendrite breaks through the diaphragm (separator) arranged so that a 
positive electrode and a negative electrode may not contact, when the worst, as electrically as a positive electrode, it will 
be short-circuited, will ignite and it not only degrades the cycle property of a rechargeable battery, but it will destroy a 
cell. Carbonaceous material, such as corks, was used as the negative electrode, and doping and the rechargeable battery 
which repeats charge and discharge by carrying out ** doping were proposed in alkali-metal ion there as shown in 
JP,62-90863,A. It turns out that the degradation problem of the negative electrode in the repeat of charge and discharge 
which were mentioned above is avoidable with this. Moreover, an anion is doped and such various carbonaceous 
material can also be used as a positive electrode. As a rechargeable battery using the electrode which makes a basic 
principle doping of the lithium ion to the above-mentioned carbonaceous material, or an anion, JP,57-208079,A, JP,58- 
93176,A, JP,58-192266,A, JP,62-90863,A, JP,62- 122066, A, JP,3-66856,A, etc. are well-known. 
[0004] As such a carbonaceous material, you may use a thing, a powdered carbon fiber (the shape of the shape of a 
continuous glass fiber, and a staple fiber), or the powdered carbon fiber structure of a configuration etc. with which 
gestalt. 

[0005] Furthermore, recently, that a cell voltage indicates 4V order to be appears to meet the demand of the formation 
of high-energy density, and the spotlight is captured. High-voltage-ization of a cell voltage is advanced to a positive 
electrode by search of the active material which shows high potential, and development, and inorganic compounds 
containing alkali metal, such as a transition-metals oxide and transition-metals chalcogen, are known. Especially, 
LiXCo02 (0< x<=1.0), LiX Ni02, etc. think that it is the most promising from high potential, stability, and the point of 
being long lasting (0< x<=1.0). Also in this, it is LiNi02. LiCo02 It compares, a raw material is cost **, and that supply 
is stable and since [ although it is a 4V class active material further, ] charge potential is low a little, research is 
energetically advanced from the advantage that decomposition of the electrolytic solution is suppressed etc. 
[0006] 

[Problem(s) to be Solved by the Invention] However, LiNi02 Although there was no problem especially in a cycle-life 
property when [ of about 100 mAh/g ] charge and discharge were comparatively repeated by low service capacity, when 
charge and discharge were repeated by the service capacity of about 100 or more mAh/g, remarkable capacity 
degradation was caused and the technical problem that it was unusable practically occurred. 
[0007] Here, this invention persons are LiNi02. As a result of considering the cause of degradation of the service 
capacity by the charge-and-discharge cycle of the lithium secondary battery used for the positive active material, the 
conclusion whether cycle degradation took place remarkably for the following two reasons was obtained. Namely, when 
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the covalent bond of (1) nickel and oxygen is weak and carries out the day intercalation of the lithium at the time of 
charge, Cannot maintain the layer structure but structure is destroyed partially, and when the places a lithium carries out 
[ places ] an intercalation at the time of subsequent electric discharge decrease in number, cause degradation of service 
capacity. (2) - LiCo02 a case — the time of charge « since [ of a lithium ] the tetravalent cobalt produced in connection 
with the day intercalation has an unpaired electron into 3d orbit (t2g) — electronic-conduction nature increases during 
charge » receiving — LiNi02 a case — the time of charge — having been generated — tetravalent nickel It is thought that 
electronic-conduction nature falls while charging, since 3d orbit (t2g) is filled with six electrons and an unpaired 
electron does not exist, consequently a big overvoltage is produced in early stages of electric discharge, and degradation 
of service capacity is caused. 

[0008] LiNi02 Since (1) and (2) happen simultaneously, a case is considered to cause remarkable cycle degradation in 
connection with a charge-and-discharge cycle. Therefore, unless it solves both (1) and (2), it does not become an 
improvement of a practical cycle-life property. Then, some improvements, such as JP,5-299092,A (LiNil-XMnX 02), 
JP,6-150929,A (LiX MY Ni02;M is at least one of Na and K), and JP,5-325966,A, have been especially proposed about 
(1) since before. Although JP,6-150929,A tends to maintain the layer structure when the day intercalation of the lithium 
is carried out by replacing some lithiums by sodium or the potassium at the time of charge, the sodium or the potassium 
of a lithium layer checks diffusion of a lithium ion in this case, and it has the fault of reducing service capacity. 
Although JP,5-299092,A and JP,5-325966,A tend to maintain the layer structure when the day intercalation of the 
lithium is carried out by replacing some nickel by manganese or cobalt at the time of charge, they are inadequate for the 
practical cycle degradation improvement of which at least 100 times or more of cycle properties are required. 
[0009] Furthermore, JP,4-171659,A has the publication about a compound which replaced some lithiums in multiple 
oxides, such as a cobalt acid lithium, by the magnesium which is alkaline earth metal. However, when there is no 
concrete publication about the effect at the time of applying this technique in the nickel acid lithium with which high 
capacity-ization is expected more compared with a cobalt acid lithium and this invention persons replaced 10% or more 
of lithium by alkaline earth metal in the nickel acid lithium and the nickel cobalt compound acid lithium, the result that 
capacity fell remarkably was obtained. Although the inclination of a cycle degradation improvement is seen, if the 
feature of the high capacity originally expected to these oxides is taken into consideration, it must be said that it is 
inadequate practically. 

[0010] Moreover, some improvements, such as JP,62-90863,A and JP,6- 124707, A, have been proposed also about (2). 
Although JP,62-90863,A (transition metals and N are [ AX MY NZ 02;A ] at least one sort of aluminum, In, and Sn for 
alkali metal and M) tends to give electronic-conduction nature by replacing some nickel by aluminum etc., it has the 
inclination for discharge voltage to fall and has the fault of spoiling the feature of the high voltage and high-energy 
density which are originally expected to the lithium cell. Although JP,6- 124707, A (LiY nickel 1-X MeX 02;Me is Cu, 
Zn, or Ag) tends to give electronic-conduction nature with transition-metals elements, such as copper replaced by 
replacing some nickel by transition-metals elements, such as copper, it does not have any publication about 
improvement in a cycle-life property. 

[001 1] Moreover, JP,5-283076,A (LiY nickell-X MeX 02;Me is Ti, V, Mn, or Fe) Although the layer structure tends to 
be maintained with transition-metals elements, such as replaced titanium, and it is going to give electronic-conduction 
nature when the day intercalation of the lithium is carried out by replacing some nickel by transition-metals elements, 
such as titanium, at the time of charge It is still inadequate for the practical cycle degradation improvement of which at 
least 1 00 times or more of cycle-life properties are required. 

[0012] if in charge of composition of these lithiums nickel multiple oxide on the other hand - LiNi02 ** — when 
compounding the active material of the composition to say, it is the common practice which a lithium hydroxide, a 
lithium carbonate, or a lithium nitrate is used as a source of a lithium, nickel hydroxide, nickel carbonate, or nickel 
oxide is used as a source of nickel, a lithium atomic number is mixed so that a nickel atomic number may be set to 1 to 
1, and is calcinated in an oxidizing atmosphere Compounded LiNi02 It belongs to the R-3m space group of hexagonal 
system, and the field which becomes c shaft orientations from each atom of nickel, oxygen, and a lithium ideally forms 
the layer structure piled up in good order. However, the atomic ratio of the lithium in the active material generated since 
some nickel atoms entered into a lithium atomic layer easily, and nickel will not be set to 1 to 1 by change of delicate 
baking conditions, but the empirical formula will become the compound expressed with Lil-X nickell+X 02 (x> 0). 
This will mean that the amount of [ of the source of a lithium ] surplus exists at the time of baking, and, finally will mix 
it into an active material as strong-base nature matter, such as a lithium oxide or a lithium hydroxide. This mixed strong- 
base nature matter will have a bad influence on the electrolytic solution etc. at the processability row to the cell 
electrode of an active material, and it not only causes the fall of a cell property, but it will also reduce the productivity 
and repeatability. Therefore, when suppressing mixing to the lithium atomic layer of a nickel atom, and suppressing 
establishment of the synthesis method which obtains the active material of the purpose composition with sufficient 
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repeatability, and mixing of the strong-base nature matter to the compound active material develops the rechargeable 
battery using the nickel system positive active material, it can be called an important technical problem. 
[0013] Furthermore, in the electrode using carbonaceous material as a negative electrode, it has the problem that service 
capacity is small (initial capacity loss is large), to an early charge capacity. Although initial capacity loss is based also 
on the kind of carbon body, it is very as large as 20 - 60%, and 10% or less and the bird clapper are known for the first 
time after several times of charges and discharges. Especially the thing that initial capacity loss is in the rechargeable 
lithium-ion battery which used doping and ** doping of the lithium ion to this negative-electrode carbon body, using a 
carbon body as a negative electrode is a big problem. In this rechargeable lithium-ion battery, the lithium ion doped to a 
negative-electrode carbon body is supplied from a positive electrode through the electrolytic solution. Only the part of 
the excessive amount of lithiums equivalent to initial capacity loss also needs to put in a positive electrode too much. 
For this reason, it became the volume of a cell, or the increase in a weight, and was disadvantageous in respect of the 
energy density. 

[0014] Various reasons of side reaction by the functional group on irreversible reaction and the front face of carbon by 
alkali-metal ion being doped as a cause of initial capacity loss by the portion in a carbon body by which a ** dope 
cannot be carried out easily, such as a solvent and electrolytic disassembly, are mentioned. 

[0015] this invention tends to cancel the fault of the above-mentioned conventional technology, and aims at offering the 
highly efficient rechargeable battery using the positive active material and it which were excellent in the charge-and- 
discharge cycle with high capacity. 
[0016] 

[Means for Solving the Problem] this invention has the following composition, in order to solve the above-mentioned 
technical problem. 

[0017] "(1) chemical-formula Lil-X-a AX nickel 1-Y-b BY 02 however, A - strontium, barium, or magnesium - At 
least two sorts of alkaline-earth-metal elements chosen from calcium, strontium, and barium, from at least one sort of 
transition-metals elements are in ******** and excluding [ B ] nickel — becoming ~ inside X and Y of a formula 0< 
X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X A The Total Number of Mols is 
Expressed and it is A. When Consisting of Two or More Sorts of Alkaline-Earth-Metal Elements X It is the total 
number of mols of a total-alkali earth-metal element, and is Y. When the total number of mols of B is expressed and B 
consists of two or more sorts of transition-metals elements Y the total number of mols of all the transition-metals 
elements except nickel ~ it is ~ the positive active material characterized by being the compound expressed — (2) As 
opposed to the start raw material which contains nickel or B for the start raw material containing a lithium and A by the 
stoichiometry 1.00 or more It prepares at 1.25 or less rate, a raw material in an oxidizing atmosphere After baking, The 
manufacture method of the positive active material the above-mentioned (1) publication characterized by removing the 
generated alkalinity, (3) As opposed to the start raw material which contains nickel or B for the start raw material 
containing a lithium and A by the stoichiometry 0.90 or more The manufacture method of the positive active material 
the above-mentioned (1) publication characterized by preparing at less than 1.00 rate and calcinating in an oxidizing 
atmosphere, (4) The negative electrode using the active material which has the non-aqueous-solvent system 
rechargeable battery characterized by using the positive active material of the above-mentioned (1) publication, and (5) 
irreversible capacity, a positive active material and chemical formula Li2Cu02 Non-aqueous-solvent system 
rechargeable battery characterized by consisting of positive electrodes containing the lithium and copper multiple oxide 
expressed. " 
[0018] 

[The mode of implementation of invention] As a result of considering an improvement of a cycle-life property 
wholeheartedly, this invention persons Chemical formula Lil-X-a AX nickel 1-Y-b BY 02 however, A - strontium, 
barium, or magnesium - At least two sorts of alkaline-earth-metal elements chosen from calcium, strontium, and 
barium, from at least one sort of transition-metals elements are in ******** and excluding [ B ] nickel - becoming ~ 
inside X and Y of a formula 0< X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X A 
The Total Number of Mols is Expressed and it is A. When Consisting of Two or More Sorts of Alkaline-Earth-Metal 
Elements X It is the total number of mols of a total-alkali earth-metal element, and is Y. It is Y, when the total number 
of mols of B is expressed and B consists of two or more sorts of transition-metals elements. It came to find out the 
positive active material which has the general chemical formula that it is the total number of mols of all the transition- 
metals elements except nickel. Here, as a transition-metals element, manganese, a scandium, titanium, vanadium, 
chromium, iron, and cobalt showed the respectively same effect. 

[0019] This by making small the amount of one or more sorts of alkaline-earth-metal elements replaced by the lithium 
with less than 10% of a lithium By being able to attain an improvement of a cycle-life property, pressing down the fall 
of capacity, and replacing nickel and a transition-metals element It becomes possible to maintain the layer structure and 
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to give electronic-conduction nature, and it acts in multiplication with the effect of an alkaline-earth-metal element, it is, 
and that from which the good cycle-life property was acquired is conjectured. 

[0020] Moreover, X If it becomes larger than 0.10, the alkaline-earth-metal element replaced by the lithium as above- 
mentioned will check diffusion of a lithium ion, will become a resistance component conversely, and service capacity 
will be reduced greatly. For suppressing the fall of service capacity, it is X. The one where the one smaller than 0.08 is 
more desirable still more desirable, and smaller than 0.05 is good. Moreover, Y If it becomes larger than 0.3, the crystal 
structure will become unstable and a cycle-life property will become bad. Preferably, it is Y. The one smaller than 0.25 
is Y still more preferably. The one smaller than 0.2 is good. 

[0021] Furthermore, a and b express the gap from stoichiometry nature. If a becomes smaller than -0.10, it will gel, 
while a positive-electrode paste kneads, and if it becomes large rather than 0.10 conversely, service capacity will 
decrease. From this point, -0.05<=a<=0.05 is -0.02<=a<=0.02 more desirable still more preferably. Moreover, if b 
becomes smaller than -0.15, service capacity will decrease, and if it becomes large rather than 0. 1 5 conversely, while a 
positive-electrode paste kneads, it will gel. From this, «0.08<=b<=0.08 is -0.04<=b<=0.04 more desirable still more 
preferably. 

[0022] When adding and carrying out substitution dissolution of the components, such as an alkaline-earth-metal 
element concerning this invention, here, even if correctly prepared to the purpose composition, it was very difficult to 
obtain the active material of the purpose composition with sufficient repeatability. Although mixing to the lithium 
atomic layer of a nickel atom was considered that this mentioned above with the main causes, in order to attain 
substitution dissolution as the purpose composition, suppressing it, as a result of inquiring wholeheartedly, the following 
synthesis methods were found out. 

[0023] That is, the start raw material containing (1) lithium and an alkaline-earth-metal element was superfluously 
prepared to the start raw material containing nickel and a transition-metals element, and rinsing etc. removed the 
generated strong-base nature matter after baking. In order to make homogeneity mix a lithium ion and alkaline-earth- 
metal ion more at this time, as a source of a lithium to be used, the low thing of the melting point is desirable and only 
suitable time may hold temperature near the melting point of the source of a lithium if needed at the time of the 
temperature up in the case of baking. Since the strong-base nature matter which the active material of the purpose 
composition was obtained by this with sufficient repeatability, and was generated by rinsing etc. was removed, there is 
also no bad influence to the processability to the electrode of an active material which was mentioned above etc., and 
the positive electrode which has high cycle retention by high capacity was able to be created. 
[0024] Furthermore, as a method of preventing the mixing to the last active material, without performing strong-base 
nature matter removal operation by (2) rinsings etc., when having mixed a raw material and all the transition element 
atomic numbers containing nickel were set to 1, the method of making fewer than 1 all the atomic numbers that set the 
lithium and the alkaline-earth-metal element was also found out. the strong-base nature matter does not generate in the 
active material which this compounded, but the processability to the electrode of an active material etc. is boiled 
markedly, and can be improved By the way, generally it is LiNi02. If a lithium atomic number is made fewer than that 
of nickel when compounding, a nickel atom enters mostly by the lithium atomic layer, and bringing about the fall of the 
cycle property by generation of a rock salt type crystal is known by the capacity fall by diffusion prevention of the 
lithium ion in a crystal, and the row (R. V.Moshtev et al. and Journal of Power Sources 54 329 (1995)). Even if it used 
this synthesis method in the case of the nickel system positive active material which contains alkaline earth metal like 
this invention to it, most falls of such an electrochemical property were not observed. That is, the positive active 
material of this invention can be said to be very useful not only the high electrochemical performance but in that it was 
more simple and the synthetic conditions of a nickel system positive active material that former very precise 
conditioning was needed were made into what has high repeatability. 

[0025] Next, the manufacture method of the positive active material of this invention is described. As a lithium 
compound of a raw material, oxides, such as salts, such as a general lithium carbonate, a lithium nitrate, lithium sulfate, 
and a lithium hydroxide, a hydrate of those or a lithium oxide, and a peroxidation lithium, an iodation lithium, etc. are 
mentioned. A salt with the same said of nickel or its hydrate, and an oxide are mentioned, and the same start raw 
material is used about other alkaline earth metal and 3d transition metals. If even the synthetic condition is optimized 
even if it uses which start raw material, the same positive active material will be obtained. 

[0026] A start raw material is prepared so that the alkaline-earth-metal element which are a lithium and an alloying 
element may be increased more than the target stoichiometry 1.00 to 1.25 times. In this way, it will cast, if there is need 
after fully mixing the prepared raw material, and after making solid phase reaction easy to cause, preliminary baking is 
usually carried out at 300-800 degrees C in oxidizing atmospheres, such as air and pure oxygen. And after cracking an 
aggregated particle using a ball mill, a grinding machine, etc., again, in the oxidizing atmosphere, the strong-base nature 
matter (a lithium or alkaline-earth-metal oxide) generated after this baking was usually removed at 500-900 degrees C, 
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and by trituration, classification operation, etc., grain refining was carried out and, subsequently it considered as the 
positive active material. It is checking by the component analysis that the composition which has homogeneity and 
repeatability more is acquired by this operation. 

[0027] About the method of not performing strong-base nature matter removal operation, like the following, the start 
raw material was prepared so that it might become a 0.9 to 1 .00 times as many mole ratio as this from all transition- 
metals elements about the alkaline-earth-metal element which are a lithium and an alloying element, and it calcinated, 
and it ranked second, trituration and classification operation were performed, and it considered as the positive active 
material. 

[0028] Especially as a negative-electrode carbonaceous material used for this invention, it is not limited and what 
generally calcinated the organic substance is used. Adding an electric conduction agent to the purpose of current 
collection, when not enough also has the desirable electronic-conduction nature of carbonaceous material. 
[0029] Moreover, when carbonaceous material is a carbon fiber, especially as a carbon fiber used, it is not limited and 
what generally calcinated the organic substance is used. Although the pitch based carbon fiber specifically obtained 
from pitches, such as a PAN system carbon fiber obtained from a polyacrylonitrile (PAN), coal, or petroleum, the 
cellulose system carbon fiber obtained from a cellulose, the vapor-growth carbon fiber obtained from the gas of the low- 
molecular-weight organic substance are mentioned, the carbon fiber which calcinates polyvinyl alcohol, a lignin, a 
polyvinyl chloride, a polyamide, a polyimide, phenol resin, furfuryl alcohol, etc., and is obtained is sufficient. It is 
necessary to choose suitably the carbon fiber which fulfills the property in these carbon fibers according to the property 
of the electrode and cell by which a carbon fiber is used. When using it for the negative electrode of the rechargeable 
battery using the nonaqueous electrolyte containing an alkali-metal salt in the above-mentioned carbon fiber, a PAN 
system carbon fiber, a pitch based carbon fiber, and a vapor-growth carbon fiber are desirable. Especially, in that doping 
of alkali-metal ion, especially a lithium ion is good, a PAN system carbon fiber and a pitch based carbon fiber are 
desirable, and the pitch based carbon fiber which calcinates PAN system carbon fibers, such as the Toray Industries, 
Inc. "TOREKA" T series or "TOREKA" M series, and mezzo-soprano phase pitch coke, and is obtained also in this is 
used still more preferably. [ of make ] 

[0030] Although what gestalt may be taken in case a carbon fiber is used as an electrode, it arranges to 1 shaft 
orientations, or becomes a gestalt with desirable making it the structure of the shape of the shape of a textile, or felt etc. 
As the structures, such as the shape of the shape of a textile, and felt, although textiles, knitting, a braid, a race, a 
network, the felt, paper, a nonwoven fabric, a mat, etc. are mentioned, points, such as a property of a carbon fiber and 
the electrode characteristic, to textiles, the felt, etc. are desirable. Moreover, you may use it by the binder etc., sticking a 
carbon fiber on charge collectors, such as copper foil, and the electric conduction agents in the end of a carbon powder 
etc. may be added further. When operability and productivity are taken into consideration, it is a staple-fiber-like carbon 
fiber still more preferably. Like the usual carbon powder, with an electric conduction agent and a binder, it can 
electrode-ize, can use, and also has the structure property still more peculiar to a carbon fiber. 100 micrometers of 
average length It is easy to deal with the following, and since a raise in bulk density is possible, it is more desirable. 
Chemical formula Li2 Cu02 which does not participate in subsequent electrochemical reaction after deintercalating a 
lithium all over a positive electrode in using carbonaceous material as a negative electrode You may make the lithium 
and copper multiple oxide expressed contain. The initial capacity loss which the negative electrode has by this can be 
compensated, and the lithium in the above-mentioned positive active material can be used effectively. Furthermore, the 
amount of deintercalation of the lithium at the time of initial charge of this lithium and copper multiple oxide is about 
2.5 times the above-mentioned positive active material, and is also that this contributes to the improvement in capacity 
of per unit volume of a cell greatly. The content of the above-mentioned lithium and copper multiple oxide is suitably 
changed with the size of initial capacity loss of a negative electrode. 

[0031] Especially as the electrolytic solution of the rechargeable battery using the electrode of this invention, the 
conventional non-aqueous-solvent system electrolytic solution is used, without being limited. As the electrolytic 
solution of the rechargeable battery which consists of nonaqueous electrolyte which contains an above-mentioned 
alkali-metal salt in this, they are propylene carbonate, ethylene carbonate, and gamma. - A butyrolactone, N - A methyl 
pyrrolidone, an acetonitrile, N.N-dimethylformamide, a dimethyl sulfoxide, a tetrahydrofuran, 1, 3-dioxolane, methyl 
formate, a sulfolane, oxazolidone, a thionyl chloride, 1, 2-dimethoxyethane, diethylene carbonate, these derivatives, 
mixture, etc. are used preferably. As an electrolyte contained in the electrolytic solution, the halogenide of alkali metal, 
especially a lithium, a perchlorate, a thiocyanogen salt, hoe fluoride salt, Lynn fluoride salt, arsenic fluoride salt, 
aluminum fluoride salt, a trifluoromethyl sulfate, etc. are used preferably. 

[0032] As a use of the rechargeable battery using the electrode of this invention, it can use for portable small electronic 
equipment, such as a video camera, a notebook computer, a word processor, a radio cassette recorder, and a cellular 
phone, widely by lightweight and high capacity using the feature of high-energy density. 
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[0033] 

[Example] Although the concrete embodiment of this invention is described with an example below, this invention is 
not limited to this. 

[0034] Chemical formula Lil-X-a AX nickel 1-Y-b BY 02 which is one to example 17 this invention however, A -- 
strontium, barium, or magnesium - At least two sorts of alkaline-earth-metal elements chosen from calcium, strontium, 
and barium, from at least one sort of transition-metals elements are in ******** and excluding [ B ] nickel - becoming 
~ inside X and Y of a formula 0< X<=0.10, 0< Y<=0.30, and a and b - 0.10<=a<=0.10, -0.15 <=B<=0.15;, however X 
A The Total Number of Mols is Expressed and it is A. When Consisting of Two or More Sorts of Alkaline-Earth-Metal 
Elements X the total number of mols of a total-alkali earth-metal element ~ it is - moreover, Y the case where express 
the total number of mols of B and B consists of two or more sorts of transition-metals elements ~ Y the total number of 
mols of all the transition-metals elements except nickel ~ it is - the example using the 17 following kinds is illustrated 
as a compound shown 
[0035] 

Example l.Li0.98Sr0.02nickel0.90Co0.10O2 example 2.Li0.95Sr0.05nickel0.90Co0.10O2 example 3.Li0.90Sr0.10N 
i0.90Co0.10O2 example 4.Li0.98Ba0.02nickel0.90Co0.10O2 example 5.Li0.95Ba0.05nickel0.90Co0.10O2 example 6. 
Li0.90Ba0.10nickel0.90Co0.10O2 example 7.Li0.98Mg0.01calcium0.01nickel0.90Co0.10O2 example 8.Li0.98Mg0.01 
Ba0.01nickel0.90Co0.10O2 example 9.Li0.98Mg0.01Sr0.01nickel0.90Co0.10O2 example 10.Li0.98calcium0.01SrO.O 
lnickel0.90Co0.10O2 example ll.Li0.98calcium0.01Ba0.01nickel0.90Co0.10O2 example 
12.Li0.98Ba0.01Sr0.01nickel0 . 90Co0.10O2 Example 13.Li0.98Sr0.02Nickel0.90Cu0.10O2 Example 
14.Li0.98Sr0.02Nickel0.90Ti0.10O2 Example 15 . Li0.98Ba0.02Nickel0.90Mn0.10O2 Example 
16.Li0.98Ba0.02Nickel0.80Mn0.20O2 Example 17.LiO.98BaO.02NickelO.70Mn 0.30O2 - the Example 1 Above- 
mentioned in Inside of this - Setting Used LiO.98SrO.02nickelO.90Co 0.1 0O2 A synthesis method is explained in detail 
below. 

[0036] The lithium nitrate of a commercial high grade reagent (LiN03), Nickel hydroxide (nickel2 (OH)), a strontium 
hydroxide and 8 monohydrate (Sr(OH)2 and 8H2 O), It is Lil.10SrO.022 nickel0.90Co 0.1 0O2 by oxide conversion 
about cobalt hydroxide (Co2 (OH)). After carrying out weighing capacity so that it may become, and fully mixing with 
an automatic mortar, it is filled up in the crucible made from an alumina. Using the atmosphere firing furnace, among 
the pure oxygen air current (a part for flow rate/of 11.), it held for 16 hours and preliminary baking was carried out at 
650 degrees C. After cooling to a room temperature, the automatic mortar ground for 30 minutes again, and 
condensation of an aggregated particle was cracked. And after rinsing the powder which ground for 20 minutes and was 
obtained with the mortar made from agate after having held for 24 hours, carrying out actual baking at 800 degrees C 
under the same atmosphere as preliminary baking and cooling to a room temperature with distilled water for 2 hours, it 
was made to dry at 1 50 degrees C for 4 hours using a vacuum dryer, the automatic mortar ground again for 1 hour, and 
it considered as the positive-active-material powder of this invention. When the fixed quantity component analysis of 
the obtained powder was carried out, it is LiO.98SrO.020nickelO.90Co 0.1 0O2. It checked that it was composition. 
[0037] Next, the production method of the cell for charge-and-discharge characterization is described, a positive 
electrode - N-methyl pyrrolidone (NMP) solution which prepared the polyvinylidene-fluoride active material whose 
mixture is a binder so that it might become 10wt(s)% - the above-mentioned active material: electric conduction agent 
(acetylene black) - it mixed so that :binder might serve as the 89 weight sections:4 weight section:7 weight section, and 
with the automatic-among nitrogen air current mortar, it mixed for 30 minutes and produced After having applied this 
on aluminum foil with a thickness of 20 micrometers, applying and drying also after dryness and at the rear face at 90 
degrees C in the oven and forming a positive electrode in both sides, it pressed and the positive electrode with the 
thickness of 200 micrometers, a width of face [ of the positive-electrode material application section / of 10mm ], and a 
length of 20mm was produced. 

[0038] Next, service capacity of the positive electrode which carried out in this way and was produced was evaluated. 
The electrolytic solution is lMLiBF4. It is the propylene carbonate and dimethyl carbonate (it is 1:1 at a volume ratio 
respectively) which are included, and 3 pole type cell which used the metal lithium foil estimated in the counter 
electrode and the reference pole, the current density per active material ~ the constant current of 30 mA/g - it is - 4.2V 
(vs.Li+/Li) up to ~ it charged After charge, it discharged to 3.0V (vs.Li+ / Li) with the same current density as charge. 
Furthermore, the charge-and-discharge cycle was repeated, the 200th service capacity and the 1st service capacity were 
measured, and it asked for the capacity retention expressed with the following formula. 

[0039] capacity retention (%) ={(200th service capacity )/(lst service capacity)} x 100 others - an example - instead of 
[ of strontium ] - calcium, barium, and magnesium - instead of [ of cobalt ] - copper, manganese, or titanium - using - 
- things - except produced the positive active material similarly In addition, about an alkali-metal element, it is 
[ component analysis / fixed quantity ] a frame atomic absorption method, and checked that it was the purpose 
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composition which all showed to each example within error range using ICP emission spectrochemical analysis about 
other metallic elements. 

[0040] Example 18LiO.96SrO.002 nickel0.90Co 0.1 0O2 A synthesis method is explained in detail below. 
[0041] The lithium hydroxide of a commercial high grade reagent (LiOH), Nickel hydroxide (nickel2 (OH)), a 
strontium hydroxide and 8 monohydrate (Sr(OH)2 and 8H2 O), It is Li0.97Sr0.002 nickel0.90Co 0.1 0O2 by oxide 
conversion about cobalt hydroxide (Co2 (OH)). Weighing capacity is carried out so that it may become. After fully 
mixing with an automatic mortar, it was filled up in the crucible made from an alumina, and using the atmosphere firing 
furnace, among the pure oxygen air current (a part for flow rate/of 11.), it held for 10 hours and preliminary baking was 
carried out at 600 degrees C. After cooling to a room temperature, the automatic mortar ground for 30 minutes again, 
and condensation of an aggregated particle was cracked. And after having held for 12 hours, carrying out actual baking 
at 750 degrees C under the same atmosphere as preliminary baking and cooling to a room temperature, the mortar made 
from agate ground for 1 hour, and it considered as the positive-active-material powder of this invention. When the fixed 
quantity component analysis of the obtained powder was carried out, it is LiO.96SrO.002 nickel0.90Co 0.1 0O2. It 
checked that it was composition. 

[0042] About evaluation of the service capacity of a positive electrode, it carried out to the production method row of 
the cell for charge-and-discharge characterization like the example 1. 

[0043] Here, preparation composition and quantitative-analysis composition of each example were shown in Table 1. 
Moreover, the initial capacity and the capacity retention of each example were shown in Table 2. 
[0044] Furthermore, the rechargeable battery produced combining the positive active material and carbon fiber of this 
invention in addition to the above example is also shown in an example 19. 

[0045] The negative electrode containing 7mg ("TOREKA" T-300, Toray Industries, Inc. make) of commercial PAN 
system carbon fibers was laid on top of the positive electrode containing 3 Omg of positive active materials produced in 
the example 19 example 1 through the separator of a porosity polypropylene film (Celgard #2500, product made from 
Die Cell Chemistry), and the rechargeable battery was produced. The electrolytic solution is lMLiPF6. The propylene 
carbonate and dimethyl carbonate (it is 1 :1 at a volume ratio respectively) which are included were used. Thus, it 
charged to 4. 10V using the produced rechargeable battery by the constant current of current density 40 mA/g per carbon 
fiber weight. It was made to discharge by the constant current of 40 mA/g after charge. The result of the initial capacity 
at this time (positive-active-material weight conversion) and capacity retention was shown in Table 2. 
[0046] It is chemical formula Li2 Cu02 in 10% of the positive active material used in the example 20 example 19. The 
result of the initial capacity (positive-active-material weight conversion) of the cell produced using the positive 
electrode replaced with the lithium and the copper multiple oxide expressed and capacity retention was shown in Table 
2. 

[0047] 
[Table 1] 
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L i 1.10S r0.022N i 0.90 C o0.10O2 
L i 0.98 S r0.02N i 0.90 C o 0-10 02 




L i 1.05 S r0.05N i 0.90 C o 0.10 02 
L i 0.95 S r 0.05 N i 0.90 C o 0.100 2 . 




L i0.99S rO.HN i 0.90C o0.10O2 
L iO,90S rttlON I0.90C 0O.IOO2 




L i 1.10 B a0.022N i 0.90 C O0.10O2 
L i0.98B a 0.02 N i0.90C o 0.10 02 




L i 105B a0.05N i 0.90C o0.10O2 
L i0.95B a0.05N 1.0.90C o0.1002 




L i0.99B a 0.11 N i 0.90 C o 0.10 02 
L i0.90B aO.lON i 0.90C o0J0O2 




L i l.lOMgO.OUC a0.011N i 0.90C o0.t()O2 
L i 0.98M gO.Ol C a 0.01 N i 0.90 C o 0.10 02 




L i l.lOMgO.OHB aO.OHN i 0.90C o0.1()O2 
L i 0.98M«0.01B a 0.01 N i 0.90 C 0 0.10 02 


lHifi#J9 


L i l.lOMgO.OllS rQ.OHN i0.90C o 0.10 02 
. L i 0.98M gO.Oi S r 0.01 N i 0.90 C o 0.10 02 ' 




L i L10C aO.OHS T0.011N i 0.90C O0.L0O2 
L i 0.98 C aQ.OlS r0.01N i 0.90 C o 0.10 02 


^flfifiwii 


L i LIOC aO.OHB aO.OHN i 0.90C o0.1002 
L i 0.98 C a 0.01 B a 0.01 N i 0.90 C o 0 JO 0 2 


3£*fo#Bl2 


L i MOB a 0.011 S r 0.011 N i 0.90C o 0.10 02 
L i 0.98B atf.OlS rO.OlN i 0.90C oOJ002 




L i UOS r 0.022 N i 0.90 C u 0.1002 
L i0.98S r0.02N i 0.90C u 0.1002 




L i 1.10 S r0.022N i 0.90T i 0-1002 
L i 0.98S r0.02N i .0.90 T i 0.10Q2 


^flfiifllJlS 


L i MOB a 0.022 N i 0.90Mn0.10O2 
L i 0.98B a0.02N i 0.90Mn 0.1002 


SdBW16 


L i 1.10B a0.022N i 0.80Mn0.2002 
L i 0.98B a0.02N i 0.80Mn0.20O2 


SOW" 


L i MOB a0.022N i 0.70Mn0.30O2 
L i 0.98B a0.02N i 0.70Mn0.300 2 


iqmuib 


L i 0.97S r0.002N i 0.90C 00.1002 
L i 0.96S r0.002N i 0.90C O0.10O2 



[Table 2] 





(mAh/g) 


{%> 




(mAh/g) 


(96) 




1 7 8 


100 




1 7 6 


97 


^mm2 ■ 


15 5 


9 9 




1 7 7 


98 


Jttwra 


1 4 9 


9 9 




1 5 0 


92 


ism a 


16 8 


9 8 


&im™ 


15 6 


* 5 


mm s 


1 5 1 


9 7 


mmv 


1 5 7 


80 


m&me 


1 4 2 


9 7 


mm®™ 


14 0 


L 71 




1 7 2 


9 9 


$mmn 


1 2 7. 


64 


mmm 8 


16 9 


9 8 




1 8 2 


9 8 




17 5 


1 0 0 


maw 


1 5 5 


■ 96 




17 3 


9 9 




1 7 0 


98 



The six following kinds are illustrated as an example of the example comparison of comparison. 

[0048] except for not adding example of comparison 1 the 3rd and 4 component - an example 1 the same - carrying 
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out - LiNi02 from - the becoming positive active material was produced and the result which asked for initial capacity 
and capacity retention was shown in Table 3 like the example 1 

[0049] instead of [ of example of comparison 2 strontium ] - magnesium moreover, except for having made the 
addition into 20-mol % an example 1 - the same carrying out LiO.80MgO.20nickelO.90Co 0.1 0O2 from ~ the 
becoming positive active material was produced and the result which asked for initial capacity and capacity retention 
was shown in Table 3 

[0050] except for having made the addition of example of comparison 3 strontium into 20-mol % - an example 1 the 
same - carrying out - LiO.80SrO.20nickelO.90Co 0.1 0O2 from -- the becoming positive active material was produced 
and the result which asked for initial capacity and capacity retention was shown in Table 3 like the example 1 
[0051] 

example 4 of comparison Except for having made the addition of 0.40OLi0.98Ba0.02nickel0.60Mn2 manganese into 
40-mol % an example 15 ™ the same - carrying out - LiO.98BaO.02nickelO.60Mn 0.40O2 from - the becoming 
positive active material was produced and the result which asked for initial capacity and capacity retention was shown 
in Table 3 like the example 1 
[0052] 
[Table 3] 





(mAhfe) 


&mem 

(W) 






1 6 1 


. 4 5 






- 12 0 


8 5 




JfcttWS 


1 2 2 


8 8 




mm a 


112- 


4 9 




mm a 


1 2 8 


4 1 





It sets in the example of comparison 5 example 1, and is LiO.98SrO.02nickelO.90Co 0.1 0O2 about a charge. It prepared 
so that it might become, and the active material was compounded like the example 1 after this baking except not rinsing. 
When it was mixed with the binder in the inside of an organic solvent, and the electric conduction agent row and the 
paste was produced, it gelled about 10 minutes after the kneading start, and the coating to a charge collector was 
impossible. 

[0053] Example 6 of comparison LiNi02 produced in the example 1 of comparison as a rechargeable battery positive 
active material Production of a rechargeable battery and evaluation were performed like the example 19 except having 
used. The result was shown in Table 3. 

[0054] Moreover, when the fixed quantity component analysis of the positive active material shown in each example of 
comparison was carried out, it checked that the examples 1-4 of comparison were the purpose composition within error 
range. Preparation composition and quantitative-analysis composition of the examples 1-4 of comparison were shown in 
Table 4. 

[0055] The positive active material of Table 2 and 3 to this invention is LiNi02 which is not added [ of the example 1 of 
comparison ]. Compared with a system, it turns out that the charge-and-discharge property, especially the cycle property 
are excellent. Moreover, it is X from examples 1-3 and the examples 2 and 3 of comparison. If a value exceeds 0.10, it 
is Y from examples 15-17 and the example 4 of comparison that especially initial capacity falls again. When a value 
exceeds 0.30, it turns out that especially a cycle property deteriorates. Even if this inclination changes an alloying 
element, some change is checking that a certain thing is the same. Moreover, you may add an alloying element to the 
positive active material of this invention further, without spoiling an electrode performance. 
[0056] Moreover, since the strong-base nature matter existed in the active material compounded in the example 5 of 
comparison, the paste which is mixture with an electric conduction agent and a binder was not able to gel, and a positive 
electrode good as a result was not able to be produced. In order to obtain a good positive electrode from comparison 
with the example 5 of comparison, and examples 1 and 18, it turns out that a synthesis method which removes the 
strong-base nature matter mixed into an active material, or prevents the generation is required. Furthermore, it turns out 
that the rechargeable battery excellent in the cycle property will be obtained from an example 19 and the example 6 of 
comparison if the positive active material of this invention is used. 
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[0057] Li2 Cu02 which are furthermore the lithium and copper multiple oxide from comparison of an example 19 and 
an example 20 adding all over a positive electrode — the capacity per positive-active-material unit weight — improving - 
- in addition - and by mitigating the load accompanying the charge and discharge to the positive active material of this 
invention shows that cycle capacity retention is also improving 
[0058] 
[Table 4] 









JUS : ttii*fflifc/TK : 


mat 




L i LION i 1.00O2 
L J 1.0 N i 1.0O2 




tmm2 


. L i 0.88MgtJ.22N i 0.900C o0.10(>O2 
L i 0.80Mg0.20N i 0.90 C o 0.10(32 




L i 0.88 S r 0.22N i 0.900 C o 0.10(1 02 
L i 0.B0S r 0.20N r 0.90C O 0.10 Q 2 


mm 4 


L i 1.10B a0.022N i 0.60M n 0.401 
: L i 0.98 B a 0.02 N i 0.60Mn0.40Q 


32 

2 . 



[0059] 

[Effect of the Invention] By this invention, the highly efficient rechargeable battery using the positive active material 
and it which were excellent in the charge-and-discharge cycle with high capacity can be offered. 



[Translation done.] 



